Abstract Recently, unconventional methods especially microwave-assisted hydrodistillation extraction (MAHE) is being used as an alternative technique for extracting bioactive compounds from plant materials due to its advantages over conventional methods such as Soxhlet extraction (SE). In this study, bioactive compounds were extracted from Vernonia cinerea leaf using both MAHE and SE methods. In addition, the kinetic study of MAHE and SE methods were carried out using first-and secondorder kinetic models. The results obtained showed that MAHE can extract higher yield of bioactive compounds from V. cinerea leaf in a shorter time and reduced used of extracting solvent compared with SE method. Based on the results obtained, second-order kinetic models can actually describe the extraction of bioactive compounds from V. cinerea leaf through MAHE with extraction rate coefficient of 0.1172 L/gmin and extraction capacity of 1.0547 L/g as compared to SE with 0.0157 L/gmin and 1.1626 L/g of extraction rate coefficient and extraction capacity, respectively. The gas chromatography-mass spectrometry analysis of the oil showed the presence of numerous heavy fractions in the oil obtained through MAHE as compared with the SE method. Moreover, the electric consumption and environmental impacts analysis of the oil suggested that MAHE can be a suitable green technique for extracting bioactive compounds from V. cinerea leaf.
Introduction
An essential oil is one of the indispensable agroindustry commodities that can boost the economy. These oils are mainly from natural plant extracts of grains, flowers, seeds, flower buds, and leaves. Statistics had shown that about 5-10% of essential oils and their derivatives are consumed annually (Putri et al. 2017) . The demands might be due to growth in food and pharmaceutical establishments. Even though several types of bioactive compounds are produced in Malaysia, a little variety are being commercialized.
Malaysia rainforests are endowed with different varieties of flowering and non-flowering plants from which larger percentages are being used for the essential wellsprings of traditional medications. United Nations Environment Program (UNEP) has enlisted Malaysia to be one of the 12 mega-diverse nations that possess the world's species of plants which might have unmeasurable advantages for future eras (Ibrahim et al. 2014) . In approximate, 16% of around 10,000 species higher plants and 2000 species lower plants found in Peninsular Malaysia have been explored for medical purposes (Chua et al. 2005) . However, only a few numbers have been investigated fully for their potentials. As the Malaysian flora diverse greatly, well diverse secondary metabolites can be anticipated from these medicinal plants.
Vernonia cinerea, known to be purple fleabane, are mostly distributed in Africa, Bangladesh, Sri Lanka, India, and Malaysia (Alara et al. 2018a; Prabha 2015) . Bioactive compounds from V. cinerea leaves are mostly enriched with different phytochemical compounds such as sesquiterpenes, terpenoids, tannins, polyphenols, alkaloids, flavonoids, and glycosides which are used as natural ingredients as antidandruff, antifungal, antioxidant, antidiabetes, anti-inflammatory, anti-cancer, and gastrointestinal disorder medicines (Alara et al. 2018b, c; Arivoli et al. 2011; Shelar et al. 2014; Soma et al. 2017; Somasundaram et al. 2010) . Moreover, the extracts had been traditionally utilized for healing wound, cold, asthma, diarrhoea, and dysentery. It is being used for reducing the smoking rate in Thailand (Youn et al. 2014) . From the previous findings, it has been seen that V. cinerea leaf possesses several pharmacological activities (Arivoli et al. 2011; Shelar et al. 2014; Soma et al. 2017; Somasundaram et al. 2010) .
Several methods of extraction are being employed in the recovery of oil from plant samples, which include conventional and modern methods. The use of conventional methods such as Soxhlet, hydro-distillation, maceration, soaking, and others generally limit the production capacity of oil, degradation of volatile chemical compounds resulting from thermal effects during the long duration of extraction process (Akhbari et al. 2018) . Moreover, conventional methods have shown low extraction yields and toxic solvent residues (Alara et al. 2018d; Raut et al. 2015) . Therefore, the use of improved extraction methods (modern) is imperative for increasing crop productivity through efficient production and improvement of post-harvest handling . In the recent time, microwave-assisted hydrodistillation extraction (MAHE) has been the most used method for recovering oil from plant matrix because of its effective heating, faster start-up, reduction in process steps, faster energy transfer, and improved production (Kusuma and Mahfud 2015) . In addition, MAHE is cost-effective and possess higher yield of bioactive compounds at lower extraction time compare to the conventional methods (Alara et al. 2018d; Kusuma and Mahfud 2015) . In order to investigate the efficiencies of conventional and modern extraction methods, bioactive compounds were extracted from V. cinerea leaf by comparing the yields from MAHE and SE in this study.
Therefore, this study focused on the extraction of bioactive compounds from V. cinerea leaf using microwave-assisted hydrodistillation extraction as compared with Soxhlet extraction method. The kinetic studies of these extraction methods and the chemical compositions of the oils were evaluated. Moreover, the efficiencies of both extraction methods were evaluated in terms of the environmental impact and electric consumption.
Materials and methods

Plant sample and chemicals
The plant sample used in this study was purple fleabane leaves (V. cinerea) obtained from the premises of Universiti Malaysia Pahang, Gambang, Malaysia. The sample was checked by Prof. Abdurahman. All the samples were washed with tap water, shade-dried until constant weight was achieved, blended with a grinder and sieved to achieve the average particle size of 105 lm. The moisture content was 0.01 ± 0.04 g water/g dry before stored in an air-tight container at room temperature. Ethanol (99.5% purity), dichloromethane and anhydrous sodium sulphate were purchased from Sigma Aldrich Sdn Bhd, Selangor. Distilled water used was obtained from the Faculty of Chemical and Natural Resources Engineering laboratory.
Microwave-assisted hydrodistillation extraction method
An ethos microwave extractor (1000 W, Frequency 2450 MHz, Milestone, Italy) was used for extracting oil from V. cinerea leaf. The sample (20 g) was placed in a 250 mL conical flask containing distilled water of 200 mL. The flask was placed in the extractor cavity and a condenser was mounted to collect the extracted oil (Fig. S1 ). The microwave was set at a power level of 500 W for a period of 90 min at 15 min intervals (15, 30, 45, 60, 75, and 90 min) . This irradiation was enough to extract the oil in the plant sample. Thereafter, separating funnel was used to separate the oil by adding few drops of dichloromethane. The oil was dried over anhydrous sodium sulphate and stored at 4°C until further use. The yield of essential oil from V. cinerea leaf was calculated using Eq. (1).
Yield of oil ð% v=wÞ
¼
Volume of extracted V: cinerea leaf oil Mass of V: cinerea leaf ð1Þ
Soxhlet extraction method
The V. cinerea leaf sample (20 g) was loaded into a thimble. A 200 mL of distilled water was placed into a round-bottom flask that was attached to a Soxhlet extractor equipped with a condenser (BST/SXM-6A, Delhi) on a mantle heater (Fig. S2) . The sample was placed inside the Soxhlet extractor and glass wool was used to lag the sidearm. As the solvent was being heated using the mantle heater, it began to evaporate by moving through the apparatus to the condenser. The condensate dripped into the reservoir containing the thimble with plant matrix.
Once the level of solvent reached the siphon, it was refluxed back into the round bottom flask and the recycling began again. The experiment was carried out for 3 h at an interval of 30 min (60, 90, 120, 150 , and 180 min) before the mixture was allowed to cool down. The separating funnel was used to separate the oil from water by adding few drops of dichloromethane. To remove any trace of water, the oil was dried over anhydrous sodium sulphate and stored at 4°C until further use. The yield of V. cinerea leaf was calculated using Eq. (1).
Kinetic modelling for the extraction methods
The first-and second-order kinetic models have been commonly employed to explain adsorption results obtained under non-equilibrium situations. However, the kinetics of extraction is similar to adsorption as previously explained. Therefore, the adsorption equations are applied to extraction (Harouna-Oumarou et al. 2007) . In this study, firstand second-order kinetic models were used for the extraction of bioactive compounds from V. cinerea leaves by considering MAHE and Soxhlet extraction methods. The rate of leaching is proportional to a driving force, which is assumed as (C s -C t ), where C t is the extraction capacity at different extraction time t and C s is the concentration of water-soluble compounds of V. cinerea leaf at saturation.
First order kinetic model
The equation proposed by Lagergren and modified by Kusuma and Mahfud (2017) for first-order extraction kinetic model can be written as shown in Eq. (2). It is assumed that the first-order rate equation is correlated with the idea of a linear driving force (Liu and Shen 2008) .
where C t is the extraction capacity at different extraction time t, k 1 is the first-order extraction rate coefficient in per minute (min -1 ) and C s is the concentration of water-soluble compounds of V. cinerea leaf at saturation.
Equation (2) was further integrated at the boundary conditions of C t = 0 and C t = C t to obtain Eq. (3).
Then, Eq. (3) was expressed in a linear form as shown in Eq. (4) whereby log 10 (C s -C t ) was plotted against t to obtain a slope and intercept that are used in determining the first-order extraction rate and extraction capacity.
Second-order kinetic model
In the same way, a second-order kinetic model for determining the extraction rate of oil from V. cinerea leaf can be written in the differential form as described by Kusuma and Mahfud (2017) . The mechanism of a second-order kinetic model indicates that the extraction occurs in two simultaneous processes. The quantity of extracted oil improves with time in the beginning and decline gradually with time until the extraction process ends (Man et al. 2012) . Thus, the rate of dissolution of oil present in the plant sample to a solvent can be described as:
where k 2 is the second-order extraction rate coefficient in litre per gram per minute (L g -1 min -1 ). Equation (5) was further integrated using the boundary conditions C t = 0 at t = 0 and C t = C t at t = t to obtain final Eq. (8) through Eqs. (6)- (7).
By rearranging Eq. (6) to obtain Eqs. (7) and (8), respectively as follows:
Equation (8) was then rearranged in linearize form to through Eqs. (9)- (10) obtain Eq. (11) as follows:
By taking the inverse of Eqs. (10), (11) will be obtained as follows:
Thus, extraction rate (C t /t) can be evaluated from Eq. (11). If the initial extraction rate is represented as m with C t = t as t approaches zero. Then,
By substituting Eq. (12) in Eq. (10), the equation becomes:
Therefore, the initial extraction rate coefficient (m), second-order extraction rate coefficient (k 2 ) and extraction capacity can be calculated through experimental procedure from the slope and intercept of a plot between t/C t and t.
Chemical analysis of the oils using GC-MS
The components identification and their percentage of abundance from oils of V. cinerea leaves were evaluated using gas chromatography-mass spectrometry analysis. A Hewlett-Packard 6890 coupled with MS 5973A, equipped with a capillary column Agilent 19091S-433 HP-5MS (30 m tubular column length 9 0.25 mm i.d. 9 0.25 lm film thickness) and autosampler was used. The spectra were obtained using the following operating conditions: carrier helium at a flow rate of 1.0 mL/min; split ratio 25:1; the ionization voltage of 70 eV; run time 67.5 min; sample injection volume was 1 lL solution of oil (5 mg/mL); injection temperature of 320°C; and oven temperature between 50 and 340°C at 10°C/min. The components were identified by relating the spectra with those on NIST 05a library database and the percentages of abundance were calculated with the total ion chromatogram. A 1 mL plant sample was prepared by diluting the oil with analytical absolute ethanol at a ratio of 1:20 (w/v).
Electric consumption
The electric consumptions in both extraction methods were evaluated based on the effects of extraction time and power consumption. Equation (14) described the general equation for expressing electric consumption.
where E c is the electric consumption expressed as kilowatthour per gram (kWh/g), P is the power in watt, and t is the extraction time in minute. Furthermore, the relative electric consumption was determined for both extraction methods as shown in Eq. (15).
where E Ã c denotes relative electric consumption and m represents mass of the extracted essential oil from V. cinerea leaf expressed in gram (g).
Carbon IV oxide emission
The carbon IV oxide emitted from both extraction methods were determined using the procedure as stated by Ferhat et al. (2006) . To evaluate 1 kWh of energy from fossil fuels during combustion, an equivalent of 800 g CO 2 will be emitted into the atmosphere. Therefore, Eq. (16) is used to determine carbon IV oxide emission.
where E CO 2 denotes CO 2 emission in kilogram and E c represents electric consumption in kilowatt-hour (kWh). Moreover, the relative carbon IV oxide emission of the two extraction methods can be determined using Eq. (17).
where E Ã CO 2 represents relative CO 2 emission expressed in kilogram per gram (kg/g) and m represents mass of essential oil extracted in gram (g).
Results and discussion
Comparison between the yield of oil from V. cinerea leaf using microwave-assisted hydrodistillation and Soxhlet extraction methods
There is a distinct difference between the yield of oil from V. cinerea leaf using MAHE and SE method as clearly illustrated in Fig. 1 . In both methods, as the extraction time increases, the yields of oil continue to increase at a nearly stable value until no further increase in the yields at longer extraction time. The yields obtained from MAHE was higher than Soxhlet method. This might be due to the effect of localize heating in SE at a longer period of extraction which tends to reduce the yield from plant matrix (Alara Karabegovic et al. 2014) . Moreover, the highest yields of 2.92% and 1.38% oil were obtained at 30 and 120 min for MAHE and SE method, respectively. The working principle of MAHE is totally different from conventional methods in that the extraction occurs due to changes in the cell wall caused by electromagnetic waves. In MAHE, faster extraction time with higher yield might be due to a synergy that results from the combined effect of mass and heat transfer operating in the same direction (Putri et al. 2017) . Based on the results obtained, there was a significant difference between the two considered extraction methods. The similar result had been obtained for the extraction of aloe-emodin from aloe leaf whereby optimal yield was obtained using MAHE as compared with Soxhlet and ultrasonic extraction (Wang et al. 2011) .
Kinetics modelling of the oil from V. cinerea leaf using microwave-assisted and Soxhlet extraction methods
Based on Fick's law, the diffusion of soluble components during the extraction process relies on the concentration gradient that exists between the liquid (less concentrated) and solid phase (more concentrated). This concentration gradient tends to generate a balance between the two phases, the diffusion becomes insignificant even if the extraction time is increased infinitely under the fixed extraction conditions (Harouna-Oumarou et al. 2007 ). Nevertheless, if the liquid phase is being renewed continuously, the diffusion progresses until equilibrium is attained between the liquid and solid phase. In the extraction of oil from V. cinerea leaf using MAHE and SE methods, the yields of oil increases at the beginning of the extraction processes and thereafter remain constant as extraction time increases (Fig. 1) . This behaviour can be utilized in evaluating the kinetic study of V. cinerea leaf oil extraction. Both the first and second order kinetic models were considered for the extraction of oil from V. cinerea leaf using MAHE and SE methods. Generally, it has been observed that the extraction rate is fast at the inception of the process and remains steady as an equilibrium is being reached (Harouna-Oumarou et al. 2007; Kusuma and Mahfud 2017; Seikova et al. 2004) . For the first-order kinetic model, plots of log (C s -C t ) versus t was used for the study. Based on the derived equations, linearization of the individual plot made it easy to determine the values of coefficient of determination (R 2 ), k 1 and C s . These were done by minimizing the sum of square errors of the predicted data from the first-order kinetic model and experimental data using Solver. The first-order kinetic model parameters had been determined as illustrated in Table 1 . On an overall, it can be observed that the coefficient of determination obtained for the extraction of oil from V. cinerea leaf using MAHE was relatively low. Thus, a first-order kinetic model does not well describe the experimental results obtained from MAHE of V. cinerea leaf.
However, the higher value of a coefficient of determination obtained through a Soxhlet extraction method indicates that the first-order kinetic model can be used to study the extraction of oil from V. cinerea leaf. The results obtained are similar to the previous reports whereby firstorder kinetic model can best describe conventional hydrodistillation as compared with microwave air-hydrodistillation and microwave hydrodistillation extraction methods . Moreover, the report had shown that first-order kinetic model cannot be used to describe all processes, thus, it can only explain processes that have a single mechanism (Covelo et al. 2004; Ho and McKay 1999) .
In addition, it can be observed in Table 1 that the results obtained for extraction capacity and first-order kinetic model constant (k 1 ) for the extraction of oil from V. cinerea leaf using MAHE is higher compared to Soxhlet extraction technique. This is the rationale for faster recovery of yield from the plant matrix when using MAHE as compared to SE method. There are two general mechanisms involved when using a microwave for extraction of plant sample. The first mechanism involves a change in a plant's cell wall due to the electromagnetic waves from a microwave. During this process, water molecules from the solvent used and microwave energy interacts, then, the plant matrix swollen, expand and rupture which leach out the components of bioactive compounds. In the second mechanism, organic compounds in the oil absorb microwave energy, thus this organic compounds can be extracted with specific contents . Table 2 illustrates the results obtained using a secondorder kinetic model to represent the experimental results from the extraction of oil from V. cinerea leaf using both MAHE and Soxhlet extraction method. It can be observed that the value of R 2 obtained for the SE method is higher which is closer to that of the first-order kinetic model. Second-order kinetic was studied by plotting t/C t against time (t). Slope and intercept were obtained from this plot whereby the extraction rate (k 2 ), extraction capacity and coefficient of determination were evaluated. In comparing the linearization with Solver in excel, the sum of the squared error was minimized. On an overall, the coefficient of determination is higher which implies that the secondorder kinetic model can best describe the extraction of oil from V. cinerea leaf using both MAHE and Soxhlet extraction methods. However, the extraction capacity for the V. cinerea leaf oil obtained for SE is higher than MAHE. Nevertheless, the higher value obtained for extraction constant using MAHE justified why this extraction method is faster in achieving oil as compared to the SE method. In addition, Eq. (11) supported the fact that the value of extraction capacity (C s ) possesses higher effect than extraction rate. The similar outcome had been reported by Kusuma and Mahfud (2017) .
Chemical properties of oil from V. cinerea leaf using microwave-assisted hydrodistillation and Soxhlet extraction methods Although, the chemical properties are not certainly related to the aroma of an oil but determine the quality . The chemical composition of the extracted oil from V. cinerea leaf using MAHE and SE methods were analyzed to check the quality of the extracted oil. The present chemical compounds in the oil were identified using GC-MS analysis.
The chemical compositions of V. cinerea leaf oil using MAHE and SE method has been listed in Table 3 . The identified compounds are the fatty acid ester, sesquiterpenes, palmitic acids, ether, caprylic, aromatic, phenolic, myristic acid, plasticizer, terpene alcohol, linoleic acid, and triterpene. The main compounds in the oils are 9,12,15-Octadecatrienoic acid (Z,Z,Z) (27.55 and 20.95%); 13-Docosenoic acid methyl ester (20.02 and 17.26%); nHexadecanoic acid (8.55 and 12.35%); 12,15-Octadecatrienoic acid methyl ester (Z,Z,Z) (7.82 and 5.15%); Squalene (4.53 and 2.15%); 1,2-Benzenedicarboxylic acid diisooctyl ester (6.13 and 15.12%); Phenol-2,4-bis(1-phenylethyl) (4.19 and 3.73%); Hexadecanoic acid ethyl ester (4.18 and 0.85%); 9,12-Octadecadienoic acid methyl ester (4.10 and 3.88%); 8,11,14-Eicosatrienoic acid (Z,Z,Z) (4.05 and 3.99%); and 11-Eicosenoic acid methyl ester (3.55 and 2.75%). It can be clearly seen that the oil has a larger percentage of fatty acids which were 71.49 and 56.66% for MAHE and SE, respectively. Reports had shown that essential fatty acids are the main components of modulating gene transcription, cell membrane structure, energy sources, and cytokine precursors (Connor 2000; Glick and Fischer 2013) . Moreover, they have stronger antiarrhythmic action on the heart, anti-inflammatory, inhibition of mitogens and cytokines, antithrombotic, inhibition of atherosclerosis, and stimulate endothelialderived nitric oxide (Connor 2000) .
Furthermore, it can be clearly observed that 26 chemical components are identified from MAHE oil of V. cinerea leaf, whereas 24 chemical components were identified for Soxhlet extraction method. Thus, MAHE can extract heavy fractions components present in the cell membrane of the plant matrix. Reports had shown that the presence of heavy fraction components can actually predict the aroma of an oil because they indicate the presence of oxygenated terpenes . The presence of a larger portion of oxygenated compounds in the MAHE oils might be due to reduced hydrolytic and thermal effects as compared to SE that uses a larger volume of extracting solvent which requires higher energy consumption (Ferhat et al. 2006) . It can be said that V. cinerea leaf oil obtained using MAHE can have better aroma than that obtained from the Soxhlet extraction method.
Electric consumption and environmental impact of V. cinerea extraction using microwave-assisted hydrodistillation and Soxhlet extraction methods
The results have shown that higher yields of oil were obtained from V. cinerea leaf in shorter extraction time using MAHE as compared to SE method. Extraction time is relatively associated with energy and cost required for the process. Thus, in order to determine these, the electric consumption and environmental impact of V. cinerea leaf oil were evaluated for both extraction methods as illustrated in Table 4 . The results showed that electric consumption in the extraction of oil from V. cinerea leaf using MAHE and SE method were 0.0694 and 0.25 kWh, respectively. Thus, the electricity required for the Soxhlet extraction of oil from V. cinerea leaf was about 3.6 times that of MAHE. The electric required to obtain 1 g of V. cinerea leaf oil using MAHE was 0.1197 kWh, whereas, for Soxhlet extraction, it was 0.8929 kWh. This implies that SE requires about 7.5 times more electricity than MAHE in order to achieve 1 g of oil. Therefore, it can be concluded that extraction of oil from V. cinerea leaf requires lower operating cost as compared with SE method. In the same way, the environmental effect of the extracted oil was determined from the quantity of carbon IV oxide emission generated. It has been reported that the 800 g of carbon IV oxide will be released into the atmosphere whenever 1 kWh of energy from coal is consumed (Putri et al. 2017) . For the MAHE, the carbon IV oxide emitted was 0.0555 kg, whereas it was 0.2 kg in the SE method. Thus, it can be assumed that extraction using the Soxhlet method emitted higher CO 2 into the atmosphere as compared with MAHE. Moreover, to obtain 1 g of oil from V. cinerea leaf, CO 2 that will be emitted from MAHE and SE methods will be 0.0957 and 0.7143 kg, respectively. Thus, it can be assumed that Soxhlet extraction will emit a higher amount of carbon IV oxide to the atmosphere as compared to MAHE.
Conclusion
This study reflected that MAHE is a better method for extracting higher yield of oil from V. cinerea leaf in a shorter extraction time and reduced use of solvent as compared to SE. The kinetic study had shown that secondorder model can better describe the MAHE with extraction rate coefficient of 0.1172 L/gmin and extraction capacity of 1.0547 L/g as compared to Soxhlet that has 0.0157 L/ gmin and 1.1626 L/g of extraction rate coefficient and extraction capacity, respectively. The presence of higher amount of heavy fractions, lower consumption of electricity and reduced emission of carbon IV oxide into the atmosphere confirmed the efficacy of MAHE in achieving a quality yield of oil from V. cinerea leaf.
